In vitamin A absorption in the small intestine , esterification of retinol is the final step which precedes its incorporation into chylomicrons and the export of absorbed vitamin A to lymph (1) . The retinol uptaken into the enterocytes has been shown to bind to cellular retinol-binding protein, type two (CRBPII) . This protein-ligand complex serves as the substrate for acyl-CoA independent retinol esterifying activity in the microsomes (2) . This enzyme was named lecithin-retinol acyltransferase or phosphatidylcholine-retinol O-acyltransferase (LRAT , EC 2.3 1.135) since its activity transfers acyl moieties from the C-1 position of phosphatidylcholine to retinol to produce retinyl esters (3). A second retinol esterifying activity has been described and designated as acyl-CoA-retinol acyltransferase or retinol O-fatty-acyltransferase (ARAT, EC 2 .3.1.76) (4), which catalyzes esterification of free retinol, but not the retinol bound to CRBPII (2) . We have previously demonstrated that the CRBPII in chick small intestine is rapidly induced around the hatching period (S), in parallel with the elevation of serum retinol concentration (6). This appearance of CRBPII in the developing chick intestine may lead to an increase in its capacity to absorb and transport retinol .
Ong et al (7) demonstrated, using immunohistochemical techniques , that rat CRBPII was present in the absorptive cells of the epithelium of the small intestine . We previously showed, using a cryostat slicing technique , that the initial induction of CRBPII in the chick small intestine occurred in differentiating lower villus enterocytes during the perinatal period, and that it was followed by a marked increase in the CRBPII content in the mid-villus cells (8) . However, it has been unclear whether the retinol esterifying enzymes are also induced in the villus enterocytes during embryogenesis in the chick small intestine . Thus, questions arose as to whether the developmental changes and distribution of LRAT or ARAT activity correlated with those of CRBPII. To answer these questions , we examined the developmental changes of LRAT and ARAT activities in the duodenal mucosa as well as in cryostat-sectioned tissues at various heights of the villus of chick duodenum. profile.
RESULTS
Developmental changes in LRAT and ARAT activities in chick duodenum Microsomes obtained from the small intestines of each developing stage were examined for LRAT and ARAT activities. The patterns of developmental changes in these enzyme activities are shown in Fig. 1 . On days 15 and 18 of embryonic development, the duodenum exhibited very little LRAT activity. The LRAT activity slightly increased until day 20 of the embryonic stage, and during the subsequent 48 h (i.e., by day 1 after hatching) LRAT activity increased 15 times. A maximal level of LRAT activity (56.2pmol/mg protein/min) was observed on day 3 after hatching, and its level did not change thereafter. In contrast, considerable ARAT activity (64.1pmol/mg protein/min) was detected as early as day 15 of embryonic development. Thereafter, ARAT activity gradually increased reaching a maximal level at the age of 3 d (696.5pmol/mg protein/min). This highest level was maintained throughout the posthatch period examined. Developmental changes in duodenal LRAT and ARAT activities along the villus-crypt columns To explore whether LRAT activity or ARAT activity is induced in the same region of enterocytes along the villus-crypt axis as CRBPII, we determined the developmental changes of LRAT and ARAT activities along the villus-crypt column of chick duodenum. As shown in Fig. 2 , day 20 embryonic chicks did not exhibit any detectable LRAT activity along the villus-crypt columns of the duodenum. A slight increase in LRAT activity was observed in the villus regions on day 0. During the following 24h, the villus length increased by approximately 100%. This morphological change was accompanied by a marked increase in LRAT activity in the villus regions, demonstrating a typical villus-crypt gradient similar to that observed in 8-d-old chicks (13). Figure 3 shows the developmental change in ARAT activity along the villus-crypt columns of the chick duodenum. On day 20 of embryonic development, the duodenum already exhibited a considerable level of ARAT activity which was evenly distributed along the villus-crypt column (Fig. 3) . Immediately after hatching, the activity increased along the entire villus regions. In 1-d-old chicks, ARAT activity showed a characteristic distribution along the villus-crypt axis, in which the ARAT activity level was only slightly greater in the upper villus region than in the lower villus and crypt regions. The level of ARAT activity in the duodenal villus tip of 1-d-old chicks was 5 times greater than that in the villus tip of day 20 embryos (Fig. 3) .
DISCUSSION
The retinol uptaken by enterocytes is possibly esterified by two distinct enzymes (i.e., LRAT (3) and ARAT (4)). We previously demonstrated that both CRBPII level and LRAT activity were very low in the small intestine of embryonic chicks, and they concomitantly and rapidly increased around the hatching period (5, 10). The abrupt increase in CRBPII protein content observed during the perinatal period was accompanied by a concomitant rise in CRBPII mRNA level (14). Therefore, it is most likely that CRBPII is induced at the genetic level during this critical period in the chick. This induction of CRBPII protein content in the small intestine of the chick was accompanied by a parallel increase in serum retinol concentration (6). This retinol was provided from the luminal contents derived from egg yolk that had penetrated the chick abdomen. In this perinatal period, chicks did not receive any food, yet retinol was detectable in their duodenal lumen. Therefore, it is possible that luminal vitamin A may play a role in the induction of intestinal CRBPII.
In this study, we investigated the developmental changes of LRAT and ARAT activities to seek the possibility that these two retinol esterifying enzymes play distinct roles in retinol absorption and metabolism in the small intestine. The LRAT activity in the small intestine was also extremely low in chick embryos, but LRAT activity rapidly rose around hatching (Fig. 1) , in parallel with the induction of intestinal CRBPII (5). In contrast, ARAT activity was observed in the embryonic stage (Fig. 1) . Therefore, it is possible that luminal vitamin A may also play a role in the induction of LRAT expression but not that of ARAT. On the other hand, we have also demonstrated that chicks fed a vitamin A-depleted diet showed a gradual increase in duodenal LRAT activity after 4 d of age (10), suggesting that putative genetic control is basically present and it may be dominant for LRAT induction in the perinatal period. These results led us to speculate that the perinatal development of LRAT activity and CRBPII is basically controlled by some common genetic programming and that the level of LRAT activity is further modulated by the vitamin A present in the lumen. Thus, it is likely that the increase in LRAT activity in this period is genetically determined by the maturation of enterocytes, being accelerated by the enhancement of retinol absorption.
We found that a prominent expression of LRAT activity was observed only after hatching and that an abrupt induction of LRAT activity occurred exclusively in the villus cells in the perinatal period (Fig. 2) . The induction of LRAT observed in this period seems to be closely related with the abrupt increase in the expression of CRBPII, which is known to occur in the villus cells around the hatching period (8).This shows a clear contrast to the induction of ARAT activity, which has been induced before hatching (Fig. 3) . For the vitamin A required in the development of embryonic tissues, retinol is provided from the yolk in embryonic chicks. During this embryonic stage, when neither CRBPII nor LRAT is expressed, ARAT may play a role in the absorption of retinol. It is most likely that the induction of CRBPII around the hatching period results in an exclusive binding of retinol to CRBPII, which would not be directed to ARAT. Therefore, it is considered physiologically significant that CRBPII and LRAT, but not ARAT, are coordinately expressed. We previously demonstrated that the distribution of the content of retinol esters along the villus-crypt column of chick duodenum was similar to that of LRAT activity (13). These findings support the notion that, in the mature villus cells, LRAT is more physiologically related to retinol absorption and metabolism than ARAT. To examine our hypothesis that LRAT and CRBPII genes are coordinately regulated by common factor(s), it is inevitable to clone the chick LRAT gene and analyze the expression of the gene at the protein and mRNA levels as well as by transfection experiments in vitro. Recently, the LRAT was cloned from human retinal pigment epithelium and characterized at the molecular level (15). Further study requires the cloning of chick LRAT to elucidate the molecular mechanism of the regulation of LRAT gene expression, which possibly plays a pivotal role in vitamin A absorption and metabolism. 
